Objectives: We used multidetector computed tomography (MDCT) to study the relation between culprit plaque characteristics and post-percutaneous coronary intervention (PCI) cardiac troponin T (cTnT) elevation.
Introduction
Percutaneous coronary intervention (PCI) may be complicated by post-procedural myocardial injury/infarction as manifested by elevated cardiac biomarkers such as creatine kinase (CK)-MB or troponin T. The occurrence of post-procedural myocardial injury/infarction has been shown to be associated with worse short-and long-term clinical outcome (1, 2) and even mild elevation of cardiac troponin after PCI has been related to a worse prognosis (3) .
Intravascular ultrasound (IVUS) has shown that post-procedural myocardial injury/infarction is caused by lesions with ruptured plaques and/or those with a greater plaque burden (4) .
Virtual histology IVUS also has shown that post-PCI cardiac troponin (cTnT) elevation occurs in lesions with a large necrotic core area and positive vessel remodeling (PR) (5) .
Multidetector computed tomography (MDCT) is a promising technique for noninvasive coronary angiography. With the development of MDCT, it is possible not only to detect coronary artery stenosis (6,7) but also to evaluate coronary plaque quality and quantity such as can be done with IVUS (8, 9) . Motoyama et al. showed that the CT characteristics of culprit lesions in acute coronary syndrome (ACS) included PR, low-attenuation plaques, and spotty calcification (10) and that the patients with these 2 plaque characteristics of PR and low-attenuation plaques on CTA were at a higher risk of developing ACS than were patients without these characteristics during follow-up (11). Recently, Uetani et al. (12) reported that post-procedural myocardial injury/infarction was associated with the volume and fraction of Results displayed for univariate analysis were based on clinically relevant and laboratory-based variables and lesion characteristics. Multivariate logistic regression analysis was then developed to calculate odds ratios (ORs) and 95% confidence intervals (CIs). We performed stepwise forward selection considering any valuables with values of p <0.20 to identify potential risk factors for post-PCI cTnT elevation. The sensitivity, specificity, positive and negative predictive values (PPV and NPV), and diagnostic accuracy of the CT characteristics alone or in combination were calculated for prediction of post-PCI cTnT elevation. A p value of <0.05 was considered to indicate statistical significance.
Results
Patient, Lesion, and Procedural Characteristics. Patients were divided into 2 groups according to the presence (Group I, n = 36) or absence (Group II, n = 71) of post-PCI cTnT elevation ≥3× the upper limit of normal (0.010 ng/mL) at 24 hours after PCI. Baseline patient characteristics are summarized in Table 1 . There were no statistically significant differences in the clinical characteristics and medications between the two groups. The median post-PCI cTnT levels were significantly higher in patients in Group I than in Group II (0.088 Table 2 . All lesions were treated with stent implantation.
There were no statistically significant differences in target vessels, type B2/C lesions, bifurcation lesions, number of stents implanted, and stent size between the two groups. showed a high PPV of 94%, and their absence showed a high NPV of 90%. PR has been associated with plaque vulnerability in clinical studies. A previous report of an IVUS study confirmed that PR (RI >1.05) was an important factor in the culprit lesion (29) .
Histopathological characteristics of ruptured plaques showed the same characteristics of the vulnerable plaques. Plaque rupture occurred not only in patients with unstable AP or myocardial infarction but also in those with SAP. The rupture site has larger arterial wall and lumen areas and more PR (30) . Another histopathological report showed that coronary plaques with PR had a higher lipid content and macrophage count (31) , which indicated plaque vulnerability. Ehara et al. found by IVUS study that small calcium deposits were present with significant frequency in the culprit lesion segments in patients with ACS (32).
Burke et al. reported that autopsy data showed the degree of calcification was greatest for acute and healed plaque ruptures and the least for plaque erosion. Calcification in coronary atherosclerosis is associated with one type of plaque instability, namely plaque rupture (33) .
The data in the present study showed that some SAP patients have spotty calcification and that plaque with spotty calcification was one of the predictors of post-PCI cTnT elevation. A previous MDCT study showed that mixed lesions were associated with adverse events on follow-up (13). Thin-cap fibroatheromas on virtual histology IVUS were most prevalent in mixed plaques, suggesting a higher degree of vulnerability of these mixed plaques on MDCT (14). In the present study, we found that mixed plaques with low-attenuation plaques, PR, and spotty calcification have the potential to predict an elevation of cTnT after PCI. We also demonstrated that none of the conventional risk factors allowed differentiation between the post-PCI cTnT elevation and the elevation free group. These findings were in agreement with a previous MDCT study by Motoyama et al. (11) and were also supported by recent near-infrared spectroscopy data (34) .
Clinical Implications. These data suggest that it would be worthwhile to consider the identification of these vulnerable plaques by MDCT before PCI. If the plaque has the characteristics of low plaque density, PR, and spotty calcification, a plan for prevention of post-PCI cTnT elevation can be made before the PCI procedure. Further efforts to minimize procedural events may require aggressive attempts to prevent distal embolization (35) . As for medications, Kawai et al. reported that intravenous administration of nicorandil before PCI can prevent slow coronary flow phenomenon (36) . A single high loading dose (80 mg) of atorvastatin administered within 24 hours of PCI reduces the incidence of periprocedural MI in elective PCI (37) . Therefore, the use of these medicines during or before the procedure might the possibility of preventing post-procedural myocardial injury/infarction in the perioperative period.
Study Limitation. First, we acknowledge that because of the relatively small sample size in the present study, our findings should be confirmed in a larger number of patients. Second, we excluded patients with severely calcified lesions in this study. In general, SAP patients frequently have more severe coronary artery calcification in their coronary arteries than do ACS patients. If we included these patients in this study, it is probable that the occurrence of post-PCI cTnT elevation would be lower than that of our presented data. Third, CT plaque density can be altered by the concentration of the contrast agent administered or by contrast type, regardless of the presence or absence of calcification near the plaque and of the model of CT used. Finally, we consider it necessary to investigate the relation between the MDCT image and histopathology and to confirm the correspondence between these imaging characteristics and histopathologic findings. lesions with low-attenuation plaques, PR, and spotty calcification in patients with SAP.
MDCT may play an important role in detecting which lesions are at high risk for myocardial necrosis after PCI. Values are presented as mean ± SD except as noted. *Median and interquartile range. ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; cTnT = cardiac troponin T; HDL = high-density lipoprotein; LDL = low-density lipoprotein. 
